Abstract
Thallium tomographic imaging and exercise electrocardiography were performed on 136 diabetic patients without symptoms of heart disease. Thirty three patients had post-exercise thallium defects and 19 had ST 1 mm >segment depression during exercise electrocardiography. Both tests were positive in 13 patients. Coronary angiography was subsequently performed on 33 patients with either scintigraphic andlor electrocardiographic evidence of myocardial ischaemia. Angiographically significant coronary artery disease ( > 50% narrowing of the coronary artery lumen) was detected in 13 patients. Six patients had minimal coronary artery stenosis (< 50%), and 14 had normal coronary arteries. Six patients refused cardiac catheterisation. In 14 out of 27 patients with post-exercise thallium defects coronary angiography did not show any coronary artery stenoses (positive predictive accuracy 48%). Exercise electrocardiography showed only one false positive result (positive predictive accuracy 94%) but failed to detect coronary artery disease in three patients with a positive scintigraphic result.
The accuracy ofa positive exercise electrocardiographic test seems to be better than that of a positive thallium tomographic scan for detecting asymptomatic coronary artery disease in diabetic patients. The high number of false positive thallium defects may be the result of technical features inherent in thallium tomography and/or the possible disease of the small intramyocardial arteries in diabetic patients.
Heart disease is a major cause of mortality and morbidity in diabetic patients' and coronary artery disease is more common in diabetic patients.' Silent myocardial infarctions are common and myocardial ischaemic episodes often tend to be asymptomatic in diabetic patients.' Recent studies suggest that silent myocardial ischaemia may be accompanied by increased mortality,67 and hence non-invasive tests have been recommended to detect asymptomatic coronary artery disease. We evaluated the usefulness of thallium tomographic imaging and exercise electrocardiography for detecting coronary artery disease in a population of diabetic patients without symptoms of heart disease.
Patients and methods

PATIENTS
The diabetic patients were selected from the patient register of Oulu University Central Hospital and the membership register of the local diabetic association. Table 1 Figure 1 shows an example of thallium tomographic images from a symptom free patient with three vessel disease in coronary angiography. The haemodynamic responses were similar in patients during exercise electrocardiography and thallium scintigraphy (table 2) .
RELATION BETWEEN CORONARY ANGIOGRAPHY FINDINGS AND RESULTS OF THE NON-INVASIVE TESTS
Thirteen patients had coronary artery stenosis (> 50% narrowing), six had coronary artery narrowings of < 50%, and 14 had angiographically normal coronary arteries. Three patients had three vessel disease, five patients had two vessel disease, and five patients had one vessel disease. Figure I An example of thallium tomographic images in a symtom free patient with three vessel disease detected by coronary angiography. There were reversible defects in the inferoposterior and apical regions of the kft ventricle. Sagittal sections (a) at rest and (b) after dynamic exercise.
electrocardiography had normal coronary There were two patients with a positive angiography (positive predictive accuracy thallium scan and negative exercise electrocar-94%).
diography who had significant coronary artery Nine (eight mild, one moderate) out of 14 stenoses and one who had insignificant stenfalse positive defects were reversible and five oses. Conversely there were three patients with (mild) defects were fixed. Five (mild) out of the positive exercise electrocardiography and 14 false positive defects were in the anterior negative thallium scan who had significant region, four (three mild, one moderate) in the coronary artery stenoses and three patients who inferior region, two (mild) in the septal region, had insignificant coronary artery stenoses. One one (mild) in the posterior region of the left patient with a false negative exercise electrocarventricle, and two defects were diffuse reduc-diogram had two vessel coronary artery disease tions of thallium uptake. Figure 2 shows a false and the other had one vessel disease, whereas positive thallium scan.
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Discussion
Thallium tomographic imaging showed perfusion defects in a high proportion of diabetic patients without symptoms of heart disease. These results are consistent with a previous survey in which 42% of symptom free diabetic men had positive thallium scans,'0 although this study did not relate the thallium results to coronary angiographic findings.
In the present study, thallium tomographic imaging showed perfusion defects in 24% of patients. Perfusion defects were commonly detected when coronary angiography showed a normal epicardial coronary artery anatomy. Some of the false positive thallium scintigraphic results may be the result of technical features inherent in thallium tomography, such as breast artefacts, inaccurate patient positioning between imaging phases, diaphragmatic attentuation of the inferior cardiac wall, abnormal apical thinning, computer processing errors, or obesity." Thallium defects in the false positive scans were usually mild and , .:.
-%,_ 1-I group.bmj.com on July 8, 2017 -Published by http://heart.bmj.com/ Downloaded from trocardiography in symptom free cohorts has been reported to be only 20% .'8 On the contrary, the positive predictive accuracy of exercise electrocardiography was as high as 94% in the present series. According to Bayes' theorem the predictive value varies with the prevalence of disease.'9 We studied mostly male, middle aged and elderly diabetic patients. In this type of population the prevalence of coronary artery disease is high, perhaps explaining the high predictive accuracy of exercise electrocardiography in the present study.
The predictive accuracy of exercise electrocardiography was better than that of thallium imaging but it still failed to detect three patients with coronary artery disease. These results accord with previous observations that exercise electrocardiography may have a low sensitivity for detecting coronary artery disease. 20 In the present study we could not calculate the absolute sensitivity and specificity of these methods, because this would have required all the patients to be catheterised.
Screening of certain high risk populations has recently been proposed for detecting coronary artery disease, because of the possibility of silent myocardial ischaemia.152223 The present findings suggest that thallium tomographic imaging may not be a particularly useful non-invasive screening method in symptom free diabetic patients because of its low positive predictive accuracy. The accuracy of a positive exercise electrocardiogram is higher, but it may have lower sensitivity. 
